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Abstract of JP1 0292096 

PROBLEM TO BE SOLVED: To obtain a resin compsn. which is excellent in storage stability and can 
give a fiber-reinforced composite material excellent in mechanical properties and corrosion resistance 
by compounding a (meth)acrylic acid-adduct of an epoxy resin with a peroxide as the essential 
ingredients. SOLUTION: A vinyl ester resin and an epoxy acrylate resin are examples of a (meth) 
acrylic acid-adduct of an epoxy resin. Such a resin is usually obtd. by reacting an epoxy resin with 
(meth)acrylic acid at 30-150 deg.C in the presence of a catalyst and an antioxidant and in the absence 
or presence of a solvent The amt. of (meth)acrylic acid reacted is usually 1-5 equivalents based on 1 
equivalent of epoxy group. Pref. , thus obtd. resin has a number average mol.wt. of 400-5,000. The amt. 
of the peroxide compounded is usually 1-10 wt.% of this resin. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a resin compsn. which is excellent in storage stability 
and can give a fiber-reinforced composite material excellent in mechanical properties and 
corrosion resistance by compounding a (meth)acrylic acid-adduct of an epoxy resin with a 
peroxide as the essential ingredients. 

SOLUTION: A vinyl ester resin and an epoxy acrylate resin are examples of a (meth)acrylic 
acid-adduct of an epoxy resin. Such a resin is usually obtd. by reacting an epoxy resin with 
(meth)acrylic acid at 30-150° C in the presence of a catalyst and an antioxidant and in the 
absence or presence of a solvent The amt. of (meth)acrylic acid reacted is usually 1-5 
equivalents based on 1 equivalent of epoxy group. Pref , thus obtd. resin has a number average 
mol.wt. of 400-5,000. The amt. of the peroxide compounded is usually 1-10 wt.% of this resin. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) The resin which added an acrylic acid and/or methacrylic acid to the epoxy resin, 
and the resin constituent for prepregs which uses the (B) peroxide as an indispensable 
component. 



[Translation done.] 



http://vww4Jpdl.nc 2006/02/02 



JP.1 O-292096.A {DETAILED DESCRIPTION] 



JP. 10-292096 A [DETAILED DESCRIPTION] 



2/5 



JPO end NC1PI sra not responsible for any 
dnates cawed by the use of thit translation. 

I.This document has been translated by computer. So the translation may not reflect the original 



2.**** shows the word which can not be translated. 
3.1n the drawings, any words aro not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[OOOD , 
(Field of the hvention] Maintaining storage stability in detail about the resin constituent for 
prepregs. further, this invention relates to the resin constituent for prepregs which can obtain a 
composite material excellent also in a mechanical property and corrosion resistance, when it 
considers as a fiber reinforced composite material combining this resin constituent and 
strengthening fiber. 
[0002] 

[Description of the Prior Art] Since the composite material which consists of strengthening fiber 
and matrix resin has the mechanical property which was lightweight and was excellent, it is 
widely usod for the sporting-goods application, the aerospace application, and the general 
industrial use application. Although various kinds of methods are used for manufacture of a fiber 
reinforced composite material, the approach using the prepreg whoso matrix rosin is the sheet- 
like middle base material with which it sank in is widely learned by strengthening fiber. By this 
approach, after carrying out two or more sheet laminating of the prepreg. the moldings of 
composite material is obtained by heating the done layered product 

[0003] As matrix resin used for prepreg. although thermosetting resin end thermoplastics are 
used the thermosetting resin which is excellent in handling nature in almost all cases, especially 
an epoxy resai are used. Although what combined maleimide resin, cyanata resin, etc. with this 
thermosetting resin was used as matrix resin, when it excelled in storage stability enough and 
considered as a fiber reinforced composite material combining strengthening fiber further, the 
resin constituent for prepregs which can obtain the composite material which was excellent also 
in a mechanical property and corrosion resistance enough was not obtained until now. 
[0004] 

[Problem(s) to be Solved by the Invention] When it considers as prepreg, the purpose of this 
invention maintaining the outstanding storage stability, it offers the resin constituent for 
prepregs which the fiber reinforced composite material which carried out the laminating of this 
prepreg, hardened, and was obtained excels [ constituent ] in a mechanical property, and is 



[0005] 

[Means for Solving the Problem] As a result of examining the above-mentioned trouble, this 
invention person came to complete header this invention for these troubles being solvable by 
using the resin constituent containing the resin and the peroxide with which the specific acid 
was added to the epoxy resin. 

[0008] That is. this invention relates to the resin constituent for prepregs which uses as an 
indispensable component the resin and the (B) peroxide which added an acrylic acid and/or 
methacrylic acid to the (A) epoxy resin. 
[0007] 

[Embodiment of the Invention] As resin which is used as a component (A) of this invention and 
which added an acrylic acid and/or methacrylic acid to the epoxy resin, vinyl ester resin or 
epoxy ecrylate resin is mentioned, and these resin can usually be obtained by the reaction of an 



epoxy resin, an acrylic acid, and/or methacrylic acid. 

[0008] Number average molecular weight of the resin which added an acrylic acid and/or 
methacrylic acid to the epoxy resin can be set to 400-5000. If number average molecular weight 
is less than 400. the resin constituent for prepregs containing this resin will act as whom 
[ liquid ]. and tt will be hard to set Vf (fiber volume fraction) and Vm (matrix resin volume 
fraction) as a desired value. Moreover, when number average molecufar weight exceeds 5000. it 
is hard to infiltrate the resin constituent for prepregs containing this resin into strengthening 
fiber, and inferior to handling nature. 

[0009] In this case, to an epoxy resin, an antioxidant is added under existence of a catalyst 
under existence of a solvent or nonexistence, an acrylic acid and/or methacrylic acid can be 
made to be able to react with an epoxy resin preferably in a 30-100-degree C temperature 
requirement and 30-150 degrees C of vinyl ester resin, epoxy acrytate resin, etc. can usually be 
obtained 

[0010] As for addition of this acrylic acid and/or methacrylic acid it is desirable to be usually 
able to make the addition of this acrylic acid and/or methacrylic acid into the one to 5 chemical 
equivalent to the 1 chemical equivalent of the epoxide radical of an epoxy resin, to be able to 
caTry out until the acid number becomes 1 or less mg/KOH. and to make "it tho epoxide radical in 
an epoxy resin react altogether with this acrylic acid and/or methacrylic acid preferably. 
[001 1] As an epoxy resin used for this reaction Bisphenol A mold epoxy resin; bisphenol female 
mold epoxy resin; — bisphenol smooth S form epoxy resin; — bisphenol 8 mold epoxy resin; — 
naphthalene mold epoxy resin; — novolak mold epoxy resin: — the copolymer of the epoxy resin: 
phenolic compound which has a ffuorene frame, end a dicyclopentadiene The epoxy resin used as 
a raw material; Digrycidyl resorcinol. tetrakis (gtycidyloxy phenyl) ethane. A guru SHUIRU ether 
mold epoxy resin Gke tris Cgrycidytoxy phenyl) methane; Tetragh/cidyl ether diamine 
diphenybnethane. A trigrycidyl aminophenol, trigfycidyl amino cresol, gtycidyl amine mold epoxy 
resins like tetragryeidyi ether xylene diamine, such mixture, etc. are mentioned. 
[0012] As a catalyst usod at this reaction, an amine, an amine salt an inorganic hydroxide, an 
organic metal an organic phosphorous compound, etc. aro mentioned, and the 3rd amines which 
have the alky) group of carbon numbers 3-1 a its salts, etc. are usually used preferably. As an 
example of this catalyst triethyfamine, benzyl dimethylamine. N. end N-c&nethyl benzylamine. 
dimethytaniline. methyl triethyl ammonium chloride, trio thy I benzyl ammonium chloride, benzyl 
tri methyl ammonium hydroxide, a triphenyl stibine, triphenyl phosphine. a potassium hydroxide, 
etc. are mentioned The addition of this catalyst can usuaBy bo made into 0.1 - 10 weight section 
to the epoxy resin, acrytie-ecid. and/or methacrylic acid 100 weight section. 
[0013] As an antioxidant used at said reaction, a phenolic antioxidant a sulfur system 
antioxidant the Lynn system antioxidant etc. are mentioned, a phenolic antioxidant is desirable 
and 2.6^dM-but*f-p-*resol. hycVoquinone, MET0KIN0N. butyHzed hydroxyanisole. etc. can 
specifically be used. 

[0014] The solvent used at this reaction can be suitably chosen with reaction temperature. 
Specifically Ethyteellosorve. Butyr-cellosolve acetate, ethylcellosotve acetate, a methyl ethyl 
ketone. Carbttol acetate, an isopropyt cetlosolve acetate, diethylene-glycol wood ether. Organic 
solvents, such as solvent naphtha, or styrene. vinyl acetate, N-vinyl pyrrol idone. Butyl acrylata. 
carbitoJ methaerylate. carbrtol acrytate. Phenoxy ethyl acrytate. phenoxy ethyl methacrylate. 
Tripropylone glycol diacrylate. 1. 6-hexane J EM ETA acrylate. Tripropylene glycol J1META 
acrylate. 1 ,6-hexenediacrylate. Tetraethylene glycol diacrylate. tetra-ethylene glycol 
dimethacryiate. Perrtaerythritol tetjamethacrylate, pentaerythritol tetraacrylato. 
TrimethyWpropano triacrylate. tjiitvetrryWpropane tri-methacrytate. Tris (hydroxyethyl) 
isocyanurate trimetaacrylate. dipentacrythrrtol hexamethacrytato. a tris (hydroxyethyl) 
isocyanurato thoria chestnut rate. dir^errtaerythritoJ hexaacrylate. etc. can be used. 
[0015] Specifically as resin which added the acrylic acid to tho epoxy resin. VR-60. VR-90 (both 
are a trade name and the Showa High Polymer Co, Ltd make), and the thing marketed as YDV- 
1 128N (a trade name. Tohto Kasei Co., Ltd. make) are mentioned the peroxide of a component 
(B) used for this "invention — the (Component A) 100 weight section — receiving — 1 - 10 
**** for 1 - 5 weight sections — things are made. 
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[00 1 6] As this peroxide, organic peroxide, en inorganic peroxide, etc. are mentioned, ketone 
peroxides, diacyl peroxide, hydroperoxides, diafkyl peroxide, peroxy ketals. alky! perester. peroxy 
carbonates, succinic acid peroxide, such mixture, etc. are mentioned as organic peroxide, and 
potassium persulfate. ammonium persulfate. etc. are mentioned as an inorganic peroxide. 
[0017] As ketone peroxides, methyl ethyl ketone peroxide. methyHsobutyl-ketono peroxide, 
cyclone x anon peroxide, methylcyclohexanone peroxide. 3.3.5-trimethylcyclohexanone peroxide, 
such mixture, etc. are mentioned As diacyl peroxide, isobutyl peroxide. 3. 5 and 5. - 
trimethylhexanoyl peroxide, lauroyl peroxide, benzoyl peroxide, p-chlorobenzoyl peroxide. 2.4- 
dicHorobenzyl peroxide, acetyl cyclohexane sulfonyl peroxide, such mixture, etc. are mentioned. 
[0018] As hydroperoxides, t -butyl hydroperoxide, cum one hydroperoxide, tf sopropyfbenzene 
hydronalium peroxide, p-methano hyrJronalium peroxide. 2,5-dimethylhexane-2.5-tfhydroperoxide. 
1,1.3.3-tetramothy butyl hydroperoxide, such mixture, etc. are mentioned. 
[0019] As dialkyl peroxide, dr-t-butyl peroxide, t-butyr-abha-cumyl peroxide. G alpha-cumyl 
peroxide. I. 4-screw (t-butyloxy) isopropyfbenzene. 1. 3-screw (t-butyloxy) isopropylbenzene. 2. 
the 5- dimethyl -2. 5-screw (tert-butyl peroxide) hexene. 2. the S-dtmethyl -2, 5-screw (tert- 
butyl peroxide)- 3-hexyne. such mixture, etc. are mentioned. 

[0020] As peroxy ketals. it is 1 and 1 -screw (tert-butyl peroxide). - 3. 3. 5-trimethyl 
cyclohexane. rr-butyl -4, 4-screw (tert-butyl peroxide) valerate. 2. end 2-screw (tert-butyl 
peroxide) butane, such mixture, etc. ere mentioned. 

[0021] As alky) perester. t-butyl peroxyacetate. t-buthytperoxy isobuthylate. t-butyl par 
OKISH10FUTOETO. t-butytperoxy pcrpivalato. t-butyfperoxy neodecanoate. t-butytperoxy-3.5.5- 
trimethyl hexanoate. t-butyl peroxybenzoate. t-butyl peroxy laurate. 2. the 5- dim ethyl -2. 5- 
screw (benzoytperoxy) hexanes. such mixture, etc. are mentioned. 

[0022] As peroxy carbonates. screw-(2-ethythexyl) peroxy carbonate, diisopropyl peroxi 
dicarbonate. tf-sec-butyl peroxydicarbonate. di-n- propyl peroxi dicarbonate. bis-3-methoxy 
butyl peroxi dicarbonate. screw (2-cthoxyethyl) peroxi dicarbonate. screw (4-t-butyl cyclohexyl) 
peroxi dicarbonate. OO-t-butyhO-isopropyl peroxy carbonate, such mixture, etc. are mentioned. 

[0023] In the resin constituent for prepregs of this invention, thermoplastics can be used 
together and phenoxy resin, polyvinyl formal resin, polyvinyl butyral resin, pofysuifone. polyether 
sulphone. polyether imide. aromatic polyester, a poryamide, various elastomers, such mixture, etc. 



[0O24] the addition of this thermoplastics — the component (A) and (Component B) 100 weight 
section — receiving — usually — 5 - 25 weight section — it can consider as 10 - 20 weight 
section preferably. In the resin constituent for prepregs of this invention, a compound with the 
partial saturation double bond which has radical polymerization nature for the viscosity control of 
this constituent can be added to this constituent 

[0025] Specifically, on acrylic acid, methacrylic acid, acrylic ester, mothacrylic acid ester, 
styrene. vinyftotuene. divinylbenzenes. such mixture, etc. are mentioned as this compound. 
[0028] Although especially the addition of this compound is not restricted, the viscosity of the 
resin constituent of this invention can add it so that it may usually become the range of 20.000- 
200.000P at 25 degrees C. The resin constituent of this invention can infiltrate strengthening 
fiber, and can be made into prepreg. As this strengthening fiber, a glass fiber, a carbon fiber, an 
aramid fiber, a boron fiber, an alumina fiber, silicon carbide fiber, etc. can be used, and especially 
a carbon fiber is used preferably, the continuous glass fiber sheet arranged with the one 
direction as a gestart of strengthening fiber, a tow. textiles, a mot and knitting — it can knit and 
a string etc. can be mentioned. 
[0027] 
[Example] 

The example 1 YD V- 11 28N(trade name. Tohto Kasei Co.. Ltd. make, vinyl ester resin) 30 weight 
section, the VR90 (trade name. Showa High Polymer Co.. Ltd. make, vinyl ester resin) 70 weight 
section. 8nd the G alpha-cumyl peroxide 3 weight section were mixed at 70 degrees C. and the 
resin constituent for prepregs was obtained It hardens and was stable, although this constituent 
was left for one month in ordinary temperature (20 degrees C) in order to investigate storage 



stability. 

[0028] This resin constituent was sunk into PAN system carbon fiber T800H (a trade name. 
Toray Industries. Inc. make), and one direction prepreg was obtained. The 16-leyer laminating of 
this prepreg was carried out tho layered product was formed, this layered product was sealed 
and deaerated. it hardened at 180 more degrees C by 100 degrees C among the autoclave for 2 
hours for 2 hours, and the one direction carbon-fiber-re inforc ed -pla sties (UD-CFRP) plate 
(thickness: 2mm, Vr.60%) was obtained. The bending test of this CFRP plate was performed 
based on ASTM D790. the acquired value — the bending strength of a grain direction (the 
direction of 0 degree) — 160kg/mm2 and a bending elastic modulus — 15x103 kg/mm2 it was . 
[0029] When this CFRP plate was immersed in 2.5% of sodium hypochlorite for ten months, this 
CFRP plate was taken out and the bending test was performed again, rt was changeless to a 
bending elastic modulus, and there was also no weight change of the CFRP plate after an 
immersion test Moreover, when said CFRP plate was immersed in 5% of aqueous ammonia for 
ten months, this CFRP plate was taken out apart from this and the bending test was performed 
again, it was changeless to a bending elastic modulus, and there was also no weight change of 
the CFRP plate after an immersion test 

[0030] The example 2VR60 (trade name. Showa High Polymer Co.. Ltd make, vinyl ester resin) 
80 weight section, the VR90 (trade name. Showa High Polymer Co., Ltd. make, vinyl ester resin) 
20 weight section, and the t-butyl peroxybenzoate 5 weight section were mixed at 80 degrees C. 
and the resin constituent for prepregs was obtained. It hardens and was stable, although this 
constituent was left for one month in ordinary temperature (20 degrees C) n order to investigate 
storage stability. 

[0031] This resin constituent was sunk into PAN system carbon fiber M40J (a trade name. Toray 
Industries, Inc. make), and one direction prepreg was obtained The 16- layer laminating of this 
prepreg was carried out the layered product was formed, this layered product was sealed and 
deaerated. ft hardened at 150 more degrees C by 100 degrees C among the autoclave for 2 
hours for 3 hours, and the UD-CFRP plate (thickness: 2mm. Vf.60%) was obtained 
[0032] The bending test of this CFRP plate was performed based on ASTM D790. the acquired 
value — the bending strength of a grain direction (the direction of 0 degree) — 1 15kg/mm2 and 
a bending elastic modulus — 1 9.5x103 kg/mm2 it was . 

[0033] When this CFRP plate was immersed in 2.5% of sodium hypochlorite for one year, this 
CFRP plate was taken out and the bending test was performed again, it was changeless to a 
bending elastic modulus, and there was also no weight change of the CFRP plate after an 
immersion test 

[0034] Moreover, when said CFRP plate was immersed in 5% of aqueous ammonia for one year 
apart from this, this CFRP plate was taken out and the bending test was performed again, the 
bending elastic modulus only decreased 5*. and there was no weight change of the CFRP plate 
after an immersion test 

[0035] The Epicoat 828 (trade name. oiHzed shell epoxy company make) 13 weight section, the 
YD-01 1 (trade name. Tohto Kasei Co.. Ltd. mako) 30 weight section, the YDF1 70 (trade name. 
Tohto Kasei Co.. Ltd. mako) 15 weight section, the YDCN701 (trade name, Tohto Kasei Co.. Ltd. 
make) 40 weight section, the dicyantfomide 4 weight section, and the dichlorophenyl 
dimothylurea 3 weight section were mixed at 70 degrees C as example of comparison 1 epoxy 
resin, and the resin constituent for prepregs wos obtained It hardens end was stable, although 
this constituent was left for one month in ordinary temperature (20 degrees C) in order to 
investigate storage stability. 

[0036] This resin constituent was sunk into the same carbon fiber as an example I . and one 
direction prepreg was obtained. The 16-layer laminating of this prepreg was carried out tho 
layered product was formed, this layered product was sealed and deaerated. among the 
autoclave, it hardened at 1 30 degrees C for I hour, and the CFRP plate (thickness: 2mm. Vf=6W) 
was obtained. 

[0037] the place which performed the bending test same about this CFRP plato as an example 1 
— bending sU-ength — 160kg/mm2 and a bending elastic modulus — 15x103 kg/mm2 it was 
When this CFRP plate was immersed in 2.5% of sodium hypochlorite for ten months, this CFRP 
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plato was taken out and the bending test was performed again, the bending elastic modulus fell 
to 70%, and weight decreased 8%. 

[0038] Moreover, apart from this, said CFRP plate was immersed in 5% of aqueous ammonia for 
ten months, when this CFRP plate was taken out and the bending test was performed again, the 
bending elastic modulus decreased to 60%. and weight change of the resin plate after immersion 
decreased 10%. 
[0039] 

[Effect of the Invention] The fiber reinforced composite material obtained combining the resin 
constituent for prepregs and strengthening fiber of this invention is excellent in a mechanical 
property and corrosion resistance further compared with the fiber reinforced composite material 
obtained using the conventional resin constituent for prepregs. the resin constituent for prepregs 
containing the resin which added an acrylic acid and/or methacryfic acid to the epoxy resin, and 
a peroxide maintaining the outstanding storage stability, as explained above. 



[Translation done.] 
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